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SUMMARY 


This  study  is  d  stotisikol  review  of  94  taa;of  helicopter  fire-cccidents  thot 
•ccurrad  during  the  six-yeor  period,  July  1957  -  Jusve  1963.  Findings  of  the 
July  1960  -  June  1963  period  ere  compared  with  those  of  the  three  previous 
yeors.  Findings  of  ihe  first  three-yeor  period  were  reported  in  on  earlier  USA- 
BAAR  study,  "Army  Helicopter  Accidents  Involving  Fire.” 

The  number  of  fire  accidents  tvreosed  during  the  latter  period  from  42  to 

52  Ond  now  occount  for  9.5%  of  the  mojer  helicopter  Occidents  os  compared  to 
7%  reported  in  the  initiol  study.  Fire  accidents  remained  at  2.9  per  100,000 
hours  of  flying  for  both  three-yeor  periods. 

Ninety  percerit  of  the  fires  erupt  on.  or  immediotely  after,  the  initial  impact 
during  the  crash  sequence.  Fire  accidents  of  this  type  demonstrate  the  need  of 
a  fuel  system  designed  to  prevent  fuei  spilloge  when  the  helicopter  comes  to 
rest. 

Seventy  percent  of  the  crashes  involved  forces  considered  within  the  limits 
of  humon  tolerance  and  ore  classified  os  survivoble. 

Five  inflight  fires  resulted  in  major  accidents  aver  the  six-year  period. 
Of  these,  two  occurred  during  the  recent  three-yeor  period,  and  only  one  of  these 
resulted  in  a  major  accident. 

Ruptured  fuel  ceils  and  lines  caused  fuel  spilloge  and  subsequer.r  fire  in 
SOX  of  she  Occidents.  Fuel  served  os  the  flommable  source  in  87%  of  the  Occi¬ 
dents. 

Accidents  involving  collision  with  (he  ground  during  controlled  and  uncon¬ 
trolled  conditions  hove  been  found  to  procuce  the  greotest  number  of  fires.  The 
greatest  number  of  survivable  fire  occid  nts  resulted  from  roll-overs  and  wire 
strikes.  These  two  cause  foctors  produced  on  equol  number  of  survivable  fire 
accidents. 

Though  o  greater  number  of  fire  occio'enfs  hove  occurred  during  the  lost 
three-yeor  period,  the  materiel  costs  of  these  Occidents  hove  decreased  appro¬ 
ximately  one-holf  million  dollars.  This  decreose  is  due  to  the  foct  that  the 
forger,  more  expensive  models  did  not  show  on  increase  in  the  number  of  fire 
accidents. 

Sixty  seven  percent  of  the  number  of  occupants  invnived  were  injured  in  fire 
occidenrs  os  compared  to  10%  iniured  in  other  types  of  mo|or  accidents.  Forty- 
one  percent  of  the  occuponts  involved  >o  fire  Occidents  received  thermal  injuries. 

The  occupant  survival  rote  in  fire  Occidents  is  62%  compared  to  98%  for 
other  types  af  mojor  accidents  Twenty-seven  fotolities,  ten  in  iurvivoble  Occi¬ 
dents,  hove  been  attributed  to  fhermol  injuries. 

Because  the  final  position  of  a  rotory  wing  aircraft  involved  in  on  accident 
it  usually  other  than  upright,  escape  provisions  ore  essential  in  the  reduction 
of  thermol  injury  in  survivoble  Occidents 
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I.  INTRODUCTION 


Fire  ot  iaipaci  or  post>crasH  fire  continues  to  reaoin  one  of  tl>e  etoicr 
hozords  of  U.  S.  Araiy  helicopter  operations.  When  fire  erupts  in  on  otherwise 
occopont-survivobl*  ccci^nt,  it  is  o  grin  reaiinder  of  the  rteed  to  inprove  the 
crosh-fire-worthiness  design  of  these  oircroft. 

The  fire  accident  experience  of  the  current  generotion  of  Ariey  helicopters 
vividly  reveols  crosh-worthiness  deficiencies.  These  deficiencies  were  pointed 
out  in  on  earlier  United  Stotes  Arary  Board  for  Aviotion  Accident  Research 
(USABAAR)  studyj  that  reviewed  the  heiicopter  fire  experiences  of  the  July 
]^7-June  1960  period.  Since  the  publication  of  thot  sttxly,  the  Aracy  helicopter 
hos  logged  anny  hours  in  tactical  units  flying  nap-of-the-eorth.  Ooto  reflecting 
increased  exposure  to  accidents  of  this  flight  profile  show  that  previously  known 
def  iciencies  ore  aore  urracceptokle  than  ever  before. 

The  oil-time  high  of  25  fire  accidents  of  FY  19^  ntakes  it  quite  cieor  that 
emerging  tacticol  concepts  have  out.dated  th  crosh-fire-worthiness  criteria  used 
in  the  design  of  the  generation  of  helicopters  represented  in  the  tobies  of  this 
study.  Their  design  borrowed  heavily  from  the  experience  of  fixed  wii^  aircraft. 
They  did  net  have  the  benefit  of  exoe'ience  thoi  currant  tocticol  practices  offer. 
Experience  has  shown  the  helicopter's  behovior  in  a  crosh  is  quite  different  from 
that  cf  fixed  wing  oircroft.  Fixed  wing  oircrofr  crash  with  o  dominating  forward 
component  in  contrast  to  the  high  loterol  and  verticol  forces  generated  in  heli¬ 
copter  crashes.  Perhops  the  difference  is  due  >  the  helicopter’s  inherent 
instability,  relatively  low  speed,  low  operating  altitude,  mass  displacement, 
torque  effects  of  its  rotor  systems,  and  the  reocviori  of  the  oirfrome  when  rotor 
blades  strike  the  terrain  or  other  objects.  Furthermore,  the  fact  that  the  heli¬ 
copter  has  no  wing  to  protect  the  fuseioge,  to  obsorb  energy,  and  to  reduce  the 
tendency  to  roll  generates  o  greater  variety  of  forues  to  oct  on  its  structurol 
components  following  impact. 

To  overcome  current  deficiencies,  the  design  of  new  generotion  Army  heli¬ 
copters  must  consider  post  Army  accident  experience.  The  fire  Occident  ex¬ 
perience  of  this  study  is  on  example,  it  will  illustrote  the  vulnerability  of  the 
location  of  crosh-susceptible  metal  fuel  tonks  of  the  OH-13  series.  In  contrast, 
the  date  will  show  thot  protectively  locoted  blodder-type  fuel  cells,  like  those 
of  the  OH-23  and  UH-1  models,  ore  for  less  susceptible  to  rupture  and  fuel 
spillage  on  impact. 

The  search  for  crosh-fire-worthiness  criteria  must  olso  look  criticolly  at  t!ie 
helicopter’s  tactical  environment.  This  environment  is  portrayed  in  the  21 
different  types  of  accidents  shown  in  Toble  4.  The  impact  phenomeno  in  wire 
strikes,  roll-overs,  and  rotor  strikes  of  trees  must  be  studied  to  formulate  design 
concepts  that  will  aid  the  develnpitient  of  feotures  thot  will  prevent  fuel  spillage 
and  fire  in  potentially  survivnble  mishaps. 

This  study  relates  the  post  six  years  of  fire  accident  experience  ending 
June  1963.  Its  purpose  is  to  show  the  nature  and  mognitude  of  the  helicopter 
fire  problem,  and  to  encourage  the  use  of  helicopter  accident  experience  as  a 
basis  for  needed  design  changes.  Hopefully,  it  will  olso  serve  as  a  justification 
for  the  designer  faced  with  the  decision  to  compromise  crash-fire-worthiness  for 
other  design  features  that  may  have  more  oppeol  at  the  moment. 

The  dota  presented  ore  taken  from  USABAAR  files  of  accident  investigation 
reports  submitted  by  unit  investigoting  boords  os  directed  by  AR  385-40,  "Acci¬ 
dent  Reporting  and  Record."  All  definitions  used  in  this  study  such  os  accident 
classification  and  degree  of  personnel  in|ury  agree  with  this  regulation. 
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Per  the  purpose  of  aiding  onciysis  ond  showing  trends,  data  from  the  two, 
three-year  periods  ore  ccoipored.  The  first  perjad,  July  *957- June  1960,  essen¬ 
tially  includes  the  some  dato  presented  in  the  llSABAAR  study,  "Army  Helicop¬ 
ter  Accidents  Involving  Firs."  The  lost  period  includes  doto  compiled  during 
the  period  July  1960  to  June  1963. 


table  J 

IfitficatioA  of  U.  $.  Army  Helico|»tef  Opm^etion 
Ftr«  OAd  HoA>FSr«  Mofor  AcsiderJs 


July  1957- June  1960 

July  1960- June  1963 

%  Ckeitge 

Accident! 

577 

54y 

-5.2 

Airereft  (Yneciy  Meen) 

7.400 

2.500 

4.2 

Heer*  Fiewn 

1,450.000 

1.800.000 

24.0 

Ceat  -  Aircraft  Oestreyed 

56.150,000 

$5,575,000 

-9.4 

Fire  Accident! 

42 

_ 52_ 

23.8 

Fett-cresh  Fir* 

46 

47 

2.2 

Fire  liepect  Survivoble 

30 

36 

20.0 

Ocewpent!  Invelved  -  Fire  Accident! 

122 

142 

16.4 

Occvpenl!  Injured  -  Fire  Accident! 

74 

103 

39.2 

Fetelitie!  -  Fire  Accident! 

41 

1 

57 

I 

29.0 

!(.  DISCUSSION 

A.  Generoi  Informofion 

Without  establishing  o  bosis  for  comporison,  it  is  difficult  to  clearly  say 
whether  fire  accidents  are  increosing  or  decreasing.  Any  trend  depends  on 
whether  the  number  or  the  rote  of  occurrences  is  usrd  os  o  bosis.  Based  on 
number  alone,  fire  accidents  hove  increased  during  'he  post  three  yeors  (Toble 
1).  In  the  eorly  period  of  July  1958  -  June  1960,  the  42  occurrences  accounted 
for  7%  of  oil  ft'oior  helicopter  accidents  This  percentoge  increased  to  9.5/5 
during  the  next  three  yeor>  '»hen  fire  wos  present  in  52  mO|or  accidents.  Tne 
fir«  prevention  problem  is  compu..-nded  by  the  increose  in  the  number  of  fire 
accidents  thot  took  plocc  while  othe*  >,,nes  ot  mo|or  accidents  decreased  S%. 
This  decrease  m  mo, or  Occidents  is  cquivo!?n}  to  fen  ma|or  accidents  per 
100,000  hours  of  flying  However,  rolc-wisc  per  100,000  flying  hours,  fire  Occi¬ 
dents  during  the  July  1960  •  June  1963  period  did  not  mcreose.  The  rote  of 
2.9  fire  Occidents  per  100,000  flying  hours  of  the  beginning  of  the  period  Jid  not 
change.  The  significance  of  no  increose  in  rote  is  appreciofed  upon  noting  that 
it  wos  ottoined  eoriy  m  o  growth  phose,  ot  thu  time  when  tactical  concepts  that 
exploit  the  helicopter’s  versatility  were  new  to  the  Army's  operational  unit*. 

In  oddifion  lo  fire  in  mo|or  Occidents,  fire  wos  olso  reported  in  four  inci¬ 
dents  and  two  minor  accidents.  During  PY  1962  ond  FY  1963  there  were  four 
such  reports.  Three  of  these  occurred  in  flight.  Couses  of  these  inflight  fires 
were  os  follows:  A  shorted  UH-IA  generotor  shunt,  gasoline  splashing  on  on 
engine  when  the  left  cap  of  on  OH-13H  come  loose,  ond  fuel  igniting  in  the 
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TABLE  2 


.^^*4 


Occurrence  xf  Fire  in  Army  Helicopter  Accit^ents 

\-:y  1957  -  June  1963 


FY 

Period 

Moi 

Acdf* 

Fir* 

Aedtft 

*5  Firo 
Acdls 

- 1 

Flf«* 

Ret* 

rTT 

C-r-.h 

f  it* 

i 

Po»f- 

Crotb 

Fire 

Fire 
Externol 
of  Aeft 

Firo  in 
l<ieido.>ts  t 
Minor  Aedt* 

19*3 

20« 

25 

12.1 

3.8 

1 

1 

i 

22 

2 

3 

1N2 

204 

22 

10.3 

3.6 

1 

21 

0 

1 

1H1 

134 

5 

3.7 

.9 

0 

4 

1 

0 

19M 

193 

14 

7.3 

2.6 

1 

11 

2 

2 

1959 

20t 

13 

6.3 

2.6 

2 

12 

1 

0 

I95« 

179 

IS 

8.4 

3.5 

0 

13 

0 

0 

Total 

1124 

94 

8.4 

2.9 

5 

83 

6 

6 

_  Mo.  el  Occidents  x  100,000 
No.  el  hours  llown 


carbufetor  air  intake  filter  of  an  0H-13D.  The  eorlier  period  reported  two  inflight 
fires  caused  by  engine  molfur.ction  and  failure  sf  on  exhaust  stock  clamp.  Both 
involved  the  UH-190. 

B.  Number  and  Frequency  of  Occurrences 

Post-crosh  fires  erupting  in  eight  of  every  nine  fire  Occidents  during  the 
six  year  period  establish  o  frequency  thot  cleorly  indicates  the  need  to  improve 
the  helicopter  crosh-fire-worthiness  design  (Tobic-  2).  improvements  demand 
priority  if  the  helicopter  is  to  keep  pace  with  the  plonned  toctical  requirements. 
Grim  evidence  of  fire,  shown  in  Table  2,  points  out  the  inability  of  current 
models  to  cope  with  increasing  tacticol  requirements.  Forty-three  O'  52%  of  the 
reported  post-crash  fires  occurred  during  the  lost  two  years.  It  was  this  period 
that  witnessed  the  introduction  ond  implemenfotion  of  ne.r  toctical  concepts  for 
the  helicopter  in  the  operational  units. 

inflight  fire  caused  only  one  major  Occident  during  ths  post  three  years. 
Fire  broke  out  in  the  engine  comportment  of  o  UH-)9D  when  two  cylinders  foiled. 
The  relotively  low  inflight  fire  rote  in  controsf  to  the  ro*e  of  post-crosh  fires 
thot  occur  is  o  credit  of  current  design  proctices  which  guord  ogoinst  thorn. 

The  hazard  of  the  helicopter  igniting  combustible  nofeiiol  cxternol  to 
itself  has  reduced  sufficiently  during  the  post  three  years  to  become  less  of  a 
major  problem.  Current  preventotivc  proctices  thot  wisely  include  the  use  of 
fire  guards,  improved  field  refueling  practices,  use  of  ground  guides,  improved 
facilities,  and,  undoubtedly  most  importont,  employing  direct  supervision  of  oil 
these  factors,  have  been  responsible  for  the  chorige.  The  only  occurrence  in  the 
post  three  years  involved  a  CH-34A.  Rotor  blodes  of  this  oircroft  struck  on 
overhead  fuel  tank  while  toxiing  into  position  to  refuel. 

Modification  of  the  UH-I  to  relocote  the  heoter  exhaust  hos  opporently 
eliminated  this  couse  cs  on  ignition  source.  During  the  eorlier  period  prior  to 
modification,  there  were  two  reported  occurrences  of  dry  gross  ignited  on  land¬ 
ing.  One  occurrence  coused  total  loss  of  o  UH-'.  In  o  siir.ilor  situotion,  engine 
exhaust  of  o  UH-19  coused  loss  of  the  oircroft. 


C.  Fire  Experience  by  Model  of  Helicopter 

The  fire  experience  of  the  helicopters  currently  in  tie  Army's  operotiono! 
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TABLE  3 


Fir*  N«n>Fir«  AccIJcaS  Exp«rl«nc*  by  M»J»I 
July  1957  -  JtMM  19«3 


i 

i 


FY  195i  -  FY  19M 

FY  1941  -  FY  1943 

1  Cfcowf 

Mei 

Acute 

Fire 

Fife-lnpect 

ServivAie 

Mei 

A^ts 

Fire 

Fire-lnpect 

Survlveble 

Ail 

Fire  Acete 

Medet 

Acdle 

Nr. 

Rote 

Aedts 

Nr. 

Rete 

Fire 

ServiveUe 

OH-33 

113 

7 

4 

1.2 

101 

4 

2 

.45 

-3 

-2 

0H.136.H 

123 

11 

9 

3.5 

145 

21 

14 

4.5 

10 

7 

CH-34 

M 

7 

'5 

1.0 

43 

0 

5 

1.7 

1 

0 

CH-21 

102 

0 

5 

X4 

40 

0 

5 

2.4 

0 

0 

UH-lf 

M 

4 

3 

1.9 

45 

3 

2 

1.1 

-1 

-1 

UH-t  1 

11 

1* 

1 

9.0 

43 

5 

3 

1.0 

4 

2 

0H-i3O,£ 

90 

2 

2 

1.1 

45 

3 

3 

2.4 

1 

1 

CH-37 

0 

2 

1 

3.9 

12 

0 

0 

0.0 

-2 

-1 

OH-13**  1 

0 

0 

0 

0.0 

5 

0 

0 

0.0 

0 

0 

Tetel 

577 

42 

30 

2.1 

547 

52 

34 

2.0 

10 

4 

F(r*  -  N«  Imfoet 
N«t  R«^«rtod 


inventory  is  shown  in  Table  3-  To  give  on  indication  of  accident  exposure,  the 
models  ore  listed  in  descending  order  according  to  the  total  hours  each  has 
flown  during  the  six>year  psriod.  Note  that  two  series  of  the  0H'13  ore  listed. 
As  will  be  shown,  the  series  differ  significantly  in  fire  experience  and  in  their 
fuel  cell  instollotion.  The  0  and  E  series  hove  o  single  29-gallon  metol  tank 
cradled  above  the  engine  immediotely  oft  of  the  rotor  most  (Figure  1).  The  later 
G  and  H  series  use  twin  meto!  tonks  of  43  gollons  total  capacity  cradled  above 
the  engine,  one  located  on  eoch  side  and  outboord  of  the  rotor  mast  (Figure  2). 
In  this  location,  the  cells  extend  beyond  the  protection  of  the  oirfrome.  They 
are  often  ruptured  by  ground  contact,  disintegrating  rotor  blades,  and,  infre¬ 
quently,  by  linkage  about  the  rotor  most.  In  wire  strike  accidents,  the  rotor 
mast  may  whip  the  wire  across  fuel  system  components.  More  important,  the  use 
of  twin  cells  always  leaves  on  upper  tank  to  spill  its  remaining  fuel  on  roll-over. 

The  n^^mber  and  rote  ai  which  fire  erupts  under  survivable  impact  conditions 
is  a  relnrive  indication  of  each  model's  crosh-fire-worthiness  (Toble  3). 
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FIGURE  3 

0H'I3  moJ«ls  G  and  H  twin  fual  call* 


For  purpo««s  of  ;his  study,  o  5U7vivabte  accident  is  one  in  which  the  crash 
forces  imposed  on  the  occupant  ore  within  the  limits  of  human  tolerance  and 
some  portion  of  the  inhoSitable  oreo  of  the  aircraft  remains  roasenobiy  intact. 
The  definition  accepts  that  the  limits  of  human  tolerance  to  crosh  forces  in  on 
exact  sense  are  still  essen'tiolly  unestobiished.  Also,  the  difficulty  of  com* 
puting  G  forces  involved  in  a  helicopter  accident  is  recognized.  These  reser* 
votions  of  the  definition  are  nuMified  somewhat  by  the  method  used  in  deter* 
mining  the  classification.  Cbs.  'ficotion  of  accidents  is  determined  by  the 
flight  surgeon  who  serves  as  a  mcm':er  of  the  investigating  board.  Professional 
competence,  evidence  found  ot  the  accident  rcene,  and  subsequent  informotion 
uncovered  during  the  investigotion  det..rmine  whether  an  Occident  is  survivoble 
or  nonsurvivable. 

The  ultimate  goal  of  design  for  ci’0'Nh*fire-worthiness  is  to  prevent  the 
occurrence  of  fire  in  oil  accidents  regarded  as  survivoble.  Seventy  percent  of 
the  fire  accidents  ore  potentiolly  survivoble.  The  tragedy  of  thermo!  injury,  the 
cost  of  material  loss,  and  subsequent  decreose  ir.  mission  capability  point  to  the 
urgency  of  incorporating  design  feotures  that  wiil  .prevent  fire  in  these  otherwise 
survivoble  accidents.  It  is  opporent  from  the  doto  of  Toble  3  thot  the  D 

and  E  series  which  use  a  single  metal  fuel  tonk  r.ffer  considerably  more  fire 
protection.  The  chonce  of  fire  in  the  G  ond  H  series  '-.‘‘lich  use  twin  metol  tanks 
is  three  timts  as  great.  It  con  be  determined  from  tb  doto  thot  the  D  ond  E 
models  experience  fire  in  3.4%  of  their  major  accidents  <.u\  cc.mpored  to  11X  in 
the  G  and  H  series.  A  comporison  of  rates  in  those  occid.nts  shows  o  similar 
difference. 

During  FY  1958  •  FY  1960,  the  OH-13D's  ond  E'*;  up  15%  of  the 
Army's  helicopter  inventory  ond  flew  12%  of  the  hours  onJ  •jtiv.uied  the  lowest 
fire*impact  survivoble  accident  rote  of  all  models  listed  (T'tbic  .)).  During  the 
next  three  years,  an  increase  of  one  accident  ond  o  30%  luduc'ien  in  flying 
hours  caused  the  rate  to  more  thon  double  that  of  the  previous  *hree  years, 
reaching  2.4/100,000  hours.  In  addition  to  showing  o  change  in  t,**nd,  this 
change  illustrotes  the  voriability  of  rotes  ond  emphosiies  the  need  »v  coution 
in  their  use. 

The  OH-23,  during  the  six-year  period,  ochieved  the  best  overol!  firo  acci¬ 
dent  record  of  all  models.  In  213  mojor  Occidents  during  this  period,  fire  iia* 
reported  in  only  six  survivoble  Occidents.  This  gove  it  the  remarkable  r?«<3  of 
less  than  one  fire-survivable  accide.nt  for  eoch  100,000  hours  of  flying  (ToiiJs  3) 

The  record  of  the  OH-23  suggests  that  the  protective  locotior.  of  LlviitoV,. 


FIGURE  3 

OH-23  singl*  b!oddl*r-typ*  fuel  cell 

typ*  fu«i  cells,  shielded  by  the  cockpit  floor  and  outer  skin,  is  near  ideal 
(Figure  3).  The  type  of  flying  done  by  the  OH-23  ond  the  type  of  accidents  it  is 
involved  in  indicotes  that  the  OH-23  fuel  cell  instollotion  has  proven  to  be 
highly  crash  resistant  (Table  5). 

The  OK-23  accumulates  more  than  holf  of  its  flying  hours  os  a  student 
troirter  (60S  during  FY  1963)  ot  the  Army's  Primory  Helicopter  School  at  Fort 
Wolters,  Texas.  When  comparing  it  with  other  models,  one  must  recognize  that 
controlled  conditions  during  student  training  leave  it  relatively  free  of  many 
hazards  that  are  encountered  by  field  units  during  tactical  operations.  Seldom 
do  the  OH-23  accident  reports  from  Fort  Wolters  show  the  underside  damoged 
sufficiently  to  rupture  the  fuel  cells.  Obviously,  the  mony  ovailoble  landing 
areas,  relatively  clear  of  stumps,  boulders,  ond  other  penetrating  objects, 
attribute  much  to  the  OH-23  record.  For  these  reosons,  the  OH-23  fuel  cel! 
installation  for  aircraft  committed  to  extensive  field  operations  should  not  be 
odoptevf  without  thorough  evaluation  of  all  factors  involved. 

The  MH-1  bladder-type  cells  located  aft  ond  outboord  of  the  cockpit  with 
most  of  the  cells  above  the  cockpit  floor  provide  added  protection  (Figure  4)- 
The  lower  portion  of  the  cells  are  extra  strength  self-sealing,  while  a  loyer  of 
energy-absorbing  honeycomb  surrounds  the  lower  portion  of  cells  adjacent  to  the 
skin.  As  o  result,  statements  taken  from  a  UH-1D,  FY  1964,  accident  report 
read:  “Sharp  object  (tree  trunk)  penerroted  the  fuseloge  bottom  under  the  left 
forward  fuel  cel-  and  crushed  the  protective  honeycomb  layer  without  affsciing 
fuel  cell  integrity.”^ 


FIGURE  4 

UH-1  bladder-type  fuel  cells  aft  ond  outboard  of  the  cockpit 


9 


in  contrast,  a  CH-34  (Figure  5)  occirJent  report  of  the  study  period  reads: 
"Tree  trunk  penetrated  the  belly  of  helicopter,  rupturing  the  fuel  tanks.  Ex¬ 
plosion  and  fire  ensued.*'^ 

The  UH-1  fire  accident  record  in  Tobies  3  ond  4  is  cn  indication  of  the 
Army's  success  in  developing  a  helicopter  to  meet  its  requirements.  All  other 
models  were  adopted  by  the  Army  after  having  been  developed  and  produced  for 
other  services. 

With  due  consideration  of  its  excellent  operatiiniol  record  and  general 
occeptance,  the  design  of  tlie  UH-1  does  not  completely  ochieve  the  ultimate  in 
crash-fire-worthiness.  Eight  percerrt  of  the  major  Occidents  it  wps  involved  in 
terminated  in  fire.  Four  of  these  accidents  were  deemed  survtvoble.  One  of 
these,  during  FY  1960,  was  caused  by  the  heater  exhoust  igniting  toll  dry  gross. 
Impact  played  no  part  in  fire  production.  Ruptured  fuel  lines  and  fuel  cells 
(Table  4)  were  the  coust  of  the  fire  in  the  two  survivable  accidents.  The 
addition  of  fuel  cells  belo>r  the  cabin  floor  bears  watching  os  more  D's  become 
operational. 

From  on  inventory  and  utilisation  point  of  view,  the  record  of  UH-l's  did  not 
really  begin  until  FY  1961-  At  the  close  of  FY  1960,  only  o  small  number  of 
these  ai.'craft  were  on  bond  and  they  hod  borely  occumuloted  10,0(X)  hours  of 
flying.  During  the  next  three  years,  the  number  grew  until  the  UK-1  now  ranks 
third  to  the  OH-23  and  CH-34,  respectively,  in  hours  flown.  During  this  recent 
period,  only  the  OH-23  has  a  better  fire  record.  The  UH-1  record  specks  well  of 
the  Army's  initiol  development  effort.  It  gives  hope  for  the  next  generation  of 
helicopters  to  be  introduced  by  the  light  observation  model.  If  an  equal  step  con 
be  taken,  the  ultimate  in  crash-fire-worthiness  may  be  within  reach  of  thot 
generation. 

D.  Fire  Causation 

Data  presented  thus  far  has  already  indicted  the  helicopter’s  fuel  and  fuel 
system.  Fuel  wos  the  flammable  source  in  82  of  the  94  fire  accidents  during  the 
six-yeor  period.  In  eight  of  the  remoining  12  fire  accidents,  fuel  was  strongly 
suspected  even  though  oil  and  another  flammable  fluid  was  present  when  fire 
occurred.  In  each  Instance,  fire  broke  out  in  the  engine  compartment  ofter  the 
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•flfin*  failed  (Tob!*  6).  Only  <n  one  instonce  wes  hydraulic  fluid  thought  to  bo 
the  floMMoblo  ogent.  This  Occident  involved  en  OH-13. 

Design  inadequacy  of  eoch  Model's  fuel  systea  to  prevent  spillage  during 
and  following  faipoct  is  evident  in  the  data  of  Table  4.  It  moy  bri  determined 
that  the  fuel  system  foiled  to  contoin  the  fuel  in  75%  of  the  surrivobfe  acci¬ 
dents.  Foilure  of  this  etognitude  strongly  suggests  the  need  to  design  fuel 
systems  that  ore  crash  resistant.  The  vent  system  ond  other  fuel  .'.ystem  plumb- 
irtg  not  only  need  to  remain  intoct,  porticulorly  in  the  survivoble  'Occidents,  but 
OHist  also  prevent  fuel  spilloge  when  the  helicopter  finolly  coraes  to  rest  in 
some  unusual  ottitude.  In  a  moiority  of  accidents,  the  helicopter'',  final  position 
is  not  upright  but  lying  on  its  side.  For  some  reason,  not  yet  investigated,  the 
right  side  is  the  most  frequent  finol  position. 

The  following  quototion  token  from  o  post-crash  fire  occ’dent  report  illus¬ 
trates  the  need  for  total  system  design  and  why  design  considerations  mus* 
irtclude  provisions  for  fire  prevention  ofter  the  helicopter  hos  come  to  rest: 
"Fuel  spillage  in  this  accident  was  the  result  of  the  attitude  of  the  aircraft,  not 
the  rather  severe  impact  conditions,  in  this  instance,  the  post-crash  fire  can  be 
considered  coincidentol.  If  the  aircraft  had  rolled  on  its  right  side,  a  fire  would 
drobobly  not  hove  occurred  because  of  t.he  locotion  of  the  fuel  vent  terminal."^ 
We  may  note  that  fire  would  not  hove  occurred  hod  the  fuel  vent  liries  been 
installed  according  to  HIAO*  which  stores  that  the  vent  lines  should  traverse 
the  three  dimensions  of  o  tank. 

To  illustrate  another  design  requirement  and  the  coincidence  of  post-crosh 
fire,  the  statements  of  two  Occidents  ore  given: 

.  .engine  stopped  immediotely  and  the  helicopter  completed  impact  on 
its  right  side.  The  possenger  got  out  first  and  discovered  gasoline  leaking  down 


•Handbook  of  Jn»tructiof»9  for  AIrcrmit  AFSC  Momiot  BO't,  Alt  Force  Syetein* 

Commxond,  AndrofS  4ir  Force  Beee,  WmehlnB^or^,  D.  C 
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onfp  tlw  kot  •xhowt  pip*.  Tiw  aircraft  stort*d  to  b«jrn  iaowdiotaiy.  . 

**. .  .lonJoJ  tiw  halicoptor  on  a  slop*,  vfiick  «as  lofar  ewesvod  os  6.5 
jcproas.Ioitarally  from  right  to  loft  tkid  and  1.2  dogroos  downhiil  freoi  raor  to 
front.  Tho  ongino  was  not  sh»M  down.  Approxiaotoly  two  sinutos  hod  now 
olopsod.  la  this  tiac.  fuel  lovol  froa  the  right  (uphill)  tonic  wos  flowing  through 
tho  cofsnoctiag  lino  into  tho  loft  (downhill)  tonic,  filling  it.  At  Huts  iioso,  tho 
possongor  gloiKod  ovor  his  ioft  shouldor  end  saw  fuol  spraying  out  froa  oreund 
tho  fuel  cop.  Tho  aircraft  burst  into  floaos.  . 

Tho  suscoptibiSity  of  fuel  colls  to  rupturo  whon  locotod  in  o  position  sioulor 
to  those  of  tho  0H-13G  and  K  serios  is  rofloctod  in  this  stotoaorrt:  "Tho  aoin 
rotor  biodos  struck  tho  grouttd  six  tiaras  and  stoppod  rovolving.  Tho  iapoct  of 
tho  anin  rotor  blades  coirsod  the  oircrofi  to  roll  to  its  loft  ond  strilco  tho  ground 
with  tho  left  gasoline  tonic,  then  bounce  and  corae  to  rest  on  its  right  side.  As  it 
coara  to  rest,  the  fuel  tonic  ond  lines  were  ruptured  ollowing  feral  to  context  tho 
hot  ongiira.  . 

Tho  ignition  of  spilled  fuel  is  difficult  to  determine  ond  seldom  pinpointed 
by  tho  accident  invsstigotors.  The  nony  ignition  sotxces  which  the  helicopter's 
ongiiw  provides  ore  cited  ewst  often.  Because  of  the  extent  of  fire  damage  in 
oust  Occidents,  it  is  often  impossible  for  the  investigating  board  to  probe  and, 
if  rracessory,  conduct  additional  terts.  la  one  instonce,  however,  tho  poth  of 
spilled  fuol  to  the  ignition  source  wos  determined,  in  this  cose,  with  tho  heli¬ 
copter  (OH-13}  engine  running,  it  was  tramonstrotod  that  c  liquid  sprayed  on  tho 
bubble  behind  the  pilot's  head  would  run  down  the  firewoli,  be  picked  up  by  tho 
■  cooling  fon,  otomizod,  and  forced  bock  through  the  coolireg  baffles  of  tho  ongino 
as  for  eft  os  the  rear  of  the  radio  compartment  on  the  toil  boom.  This  is  fetrthor 
bock  than  the  engine  exhaust  stocks.^ 

Based  on  the  investigators*  roperts  of  the  94  tnojor  accidents  included  in 
this  study,  the  helicopter's  electrical  system  has  played  only  a  minor  con¬ 
tributory  role  in  the  fire  accidents  to  dote.  Cktly  three  coses  could  be  found 
citing  that  the  electrical  system  had  a  port.  In  two  seporate  but  near  identical 
OH-23  Occidents,  spilled  fc-c)  was  ignited  by  on  electricol  sliort  that  occurred 
when  the  instrument  console  in  each  of  tirase  aircroft  broke  loose  on  impact.  In 
the  other,  also  'nvolving  an  OH-23,  an  extremely  herd  landing  in  o  level  attitude 
at  a  high  angle  of  descent  is  believed  to  bo^e  ruptured  the  tank  on  roll-over. 
Spilled  fuel  from  the  ruptured  tank  <s  believed  to  hove  been  ignited  by  an  eiectri- 
cal  source. 

Fire  erupting  due  to  the  landing  gear  penetrating  the  fuseloge  and  puncttxing 
the  fuel  cells  is  not  on  unusual  experience  for  the  CH-21  ond  UH-19.  Figures  6 
and  7,  respectively,  shew  the  relative  locotion  of  the  fuel  cells  and  lending  gear 
in  these  aircraft. 
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FIGURE  7 

UH-19  fuel  c*ll  location  in  rolotion  to  londing  goor 

The  fire  hazard  in  this  type  of  installation  is  evident  in  the  following 
statement:  “The  aircraft  (CH-21)  contacted  the  ground  with  an  excessive  rate  of 
descent  resulting  in  a  hard  touchdown  which  caused  both  main  gear  struts  to 
detach  at  the  upper  end  and  the  fuel  cells  to  rupture.  The  aircraft  immediately 
burst  into  flames.'*®  Fire  in  the  two  CH-21  roll-over  type  Occidents  listed  in 
Toble  5  ore  also  the  result  of  gear  punctured  fuel  cells. 

The  UH-19  and  CH-34  experience,  os  the  following  stote.ment  from  o  UH-19 
report  illustrates,  are  quite  similar.  In  addition,  the  fire  origin  is  pinpointed — 
o  fact  seldom  determined.  “The  left  main  geor  wos  forced  upword  by  the  impact 
and  punctured  the  left  side  of  the  oft  tonk.  Subsequent  pitching  motion  coused 
fuel  from  the  punctured  tonk  to  splosh  forword  making  contoct  with  either  the 
engine  exhaust  or  the  engine  itself,  causing  the  firc."^ 

E.  Fire  Occurrence  by  Type  of  Accident  ond  Cost 

Twenty-one  different  types  of  accidents  produced  the  fire  accidents  shown 
in  this  study.  The  experience  of  eoch  model  in  these  Occidents  is  shown  in 
Toble  5-  For  the  reader,  the  clossificotion  of  accidents  into  types  listed  is  o 
function  of  USABAAR's  coding  process  preporotcry  to  mochine  doto  processing. 
For  example,  to  classify  whether  o  collision-with-terroin  accident  is  controlled 
or  uncontrolled,  the  coder  is  guided  by  the  stotement,  "An  aircroft  is  in  uncon¬ 
trolled  flight  when  the  aircroft  is  not  responding  odequotely  to  the  monipulotion 
of  its  control  system  or  when  the  pilot  is  unable  to  operate  the  control  system. 

Fight  of  rhe  21  different  types  of  accidents  exceeded  the  expected  fre¬ 
quency,  assuming  the  distribution  was  equol  among  them.  Controlled  and  uncon¬ 
trolled  collision-with-terrom  Occidents  eoch  occurred  14  times  ond  accounted  for 
approximately  30%  of  the  fire  Occidents.  Three  helicopter  models  ore  involved 
in  0  mojority  of  the  collision  type  accidents.  The  CH-21  is  included  among 
these. 

The  incidence  of  fire  in  10  wire-strike  accidents  is  sufficient  cause  for 
concern  that  fire  odds  to  the  hozord  in  the  operation  of  the  low-flying  OH-13  and 
OH-23  observation  aircraft.  The  91  mojor  wire-strike  accidents  which  occurred 
during  the  six-year  period  establish  thot  the  chance  of  fire  in  these  accidents  is 
approximately  one  in  ten  for  all  models  listed  in  Table  5-  The  OH-23  ond  OH-13 
occoOnt  for  74  (82%)  of  the  ma|or  wire-strike  Occidents. 

Among  the  observotion  models,  the  Occident  experience  of  the  OH-33  re- 
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fleets  the  highest  probohility  of  fire  in  wire  strikes.  Fire  occurred  in  three  out 
of  16  wire  strike  Occidents  os  compared  to  two  out  of  21  for  the  CH-13D  and  E 
and  four  out  of  37  for  the  CH-13G  ond  H. 

Note  the  fire  experience  among  the  various  models  in  the  roli-over  type  of 
accident  (Table  5).  This  rather  characteristic  type  cf  helicopter  accident 
which,  os  0  rule,  is  survivabie,  oppears  most  frequently  in  the  experience  of  the 
observotion  models.  During  the  study  period,  the  three  models  listed  were 
involved  in  72  such  accidents.  The  0H-13G  and  H,  involved  in  33  of  these 
accidents,  resulted  in  fire  to  five,  while  the  0H-13D  and  E  had  no  instance  <*5 
fire  in  29  occurrences.  In  ten  roll-overs,  one  OH-23  caught  fire.  In  this  cose, 
the  fuel  cell  ruptured  because  of  on  extremely  hard  lending. 

The  earlier  USABAAR  study  reported  that  the  dollar  damage  of  fire  u.'cidents 
wos  $6,150,000.  Quoting  current  prices  for  these  models,  $11,962,839  is  now 
the  totol  cost  for  the  six-yeor  period,  Toble  5.  The  new  fotol  reflects  o  decreose 
of  less  than  o  half  million  dollors  for  the  recent  three-year  period,  even  though 
seven  more  fire  accidents  occurred  during  this  time.  The  cost  reduction,  as 
analysis  of  Table  3  indicotes,  is  due  to  a  decreose  or  no  change  in  the  number 
of  fire  accidents  involving  expensive  cargo  and  utility  models.  The  CH’-37  thot 
costs  $606,000,  for  example,  was  not  involved  in  ony  fire  accidents  during  the 
lotter  period. 

When  making  a  cost  anolysis,  one  must  co.nsider  that  it  is  almost  impossible 
for  the  investigators  to  determine  the  damage  caused  by  fire  alone.  It  is  also 
significant  to  recall  thot  in  90?o  of  the  Occidents,  fire  followed  initiol  impoct  ond 
caused  most  of  the  domoge.  And,  that  in  a  mo|ority  of  the  Occidents,  the  impact 
forces  were  rclotively  light  ond  considered  occuponf  survivabie.  Because  of 
these  focts,  the  cost  of  survivabie  accidents  is  slightly  less  thon  twice  thot  of 
non-survivoble  accidents.  If  most  be  remembered,  too,  thot  fire  in  survivoble 
accidents  prevented  the  retrievol  of  reporoble  components  ond  assemblies.  The 
loss  of  instruments,  electronic  geor,  engine  ond  accessories  'n  addition  to  other 
high  volue  items  not  only  requires  odditionol  dollars  for  their  replacement  but 
compounds  the  logisticol  problems  of  supply  ond  moiiitenonce 

F.  Where  Fire  Accidents  Occur 

Data  of  Table  6  points  out  the  fundamental  difficulty  of  having  fire  fighting 
and  rescue  equipment  immediotely  ot  bond  when  o  fire  Occident  occu'’s.  The 
difficulty  is  that  so  few  of  them  occur  on  oirfields.  Seventy-five  cf  the  94  acci¬ 
dents  Acre  in  locotions  remote  from  stotion  equipment.  Too  often  in  these 
instances,  the  accident  locotion  is  inoccessible  to  the  equipment  at  hand,  oi  the 
distance  is  too  greot  to  be  reoched  in  time  for  the  equipment  to  be  effective. 

It  is  not  unusuol  in  these  instonces  for  the  Occident  report  to  reod:  ”,  .  .the 
pilot  attempted  to  extinguish  the  fire  with  o  hand  extinguisher  until  the  fire 
went  out  of  control.  .  .” 

"The  'ire  deportment  orrived  ond  extinguished  the  fire,  but  the  helicopter 
was  a  total  loss.  .  ." 

".  .  .Area  of  the  fire  wos  inoccessible  tu  crash  fire  equipment.  In 

the  following  statement,  the  investigotors  give  on  indication  of  time  (29  minutes 
in  this  cose)  in  which  fire  fighting  equipment  must  arrive  if  it  is  to  be  effective: 
"The  oircroft  was  witnessed  ot  obout  0631  hours  os  it  descended  ond  struck  the 
ground  .on  impact,  the  engine  section  was  engulfed  in  flames  The  oirfield 
and  post  fire  engines  extinguished  the  fire  at  opproximotely  0650  hours. 

The  ropidity  with  which  fire  spreods  varies  os  do  the  types  of  Occidents 
It  is  0  function  of  o  number  of  factors  mode  evident  throughout  this  study 
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Predoffiinail  is  the  avoilobihty  ot  spilled  fuel  ond  the  rcte  ct  which  leotcing  fuc! 
is  fed  to  the  fiome.  As  has  been  shown,  the  nuaiber  end  size  of  the  fuel  cells, 
their  locotion,  and  the  vulnerability  of  inferconnecting  plumbing  to  dcniege,  all 
influence  the  amount  of  fuel  spilled  during  cn  Occident  sequence. 

The  limited  opportunity  orrfield  stotioned  equipment  has  to  serve  fire  Occi¬ 
dents  suggests  the  odvisobility  of  recruiting  the  ossistonce  of  civil  units. 
Experience  shows  that,  both  within  end  outside  the  United  States,  more  then  half 
of  the  fire  Occidents  occurred  off-post.  The  number  of  off-pos;  Occidents  is 
increasing  (Toble  6).  During  FY  1%3.  88^e  of  the  fire  Occidents  occurred  off- 
post.  This  trend,  if  it  continues,  not  only  supoorts  the  wisdom  of  employing 
the  services  of  civil  components,  but  the  need  to  improve  the  program  that  exists 
today. 

The  remote  inaccessible  locotion  in  which  many  of  these  accidents  occur 
limits  the  type  of  equipment  that  con  effectively  rescue  personnel  end  fight  fire. 
Only  19  of  the  94  accidents  took  piece  on  on  oirfieid  where  truck  type  equipment 
could  be  assured  access  to  the  scene.  The  number  of  off-bose  accidents  fhof 
automotive  type  equipment  reached,  or  could  hove  reoched.  in  sufficient  time 
could  not  be  determined  from  availoble  doto. 

Analysis  shows  that  becouse  of  the  rapidity  with  which  fuel  fed  fires  con¬ 
sume  aluminum  ond  magnesium,  the  most  thot  can  be  ochieved  is  the  rescue  and 
evacuation  of  occupants.  The  chonce  of  saving  the  helicopter  is  remote.  Of 
course,  the  need  to  confine  the  fue  to  the  crosh  site  is  essential  ond  necessary. 

This  experience  points  to  the  necessity  of  using  o  vehicle  such  os  the 
helicopter  for  this  purpose.  It  hos  both  speed  ond  the  copobiiity  to  reach  acci¬ 
dents  in  inaccessible  locations.  In  addition,  oftsr  unloading  rescue  personne'- 
the  helicopter  con  take  to  the  oir  and  use  its  rotor-wcsh  in  on  effort  to  estoblish 
on  escape  avenue  for  occupants  ond  to  oid  fire  rescue  personnel  in  goining 
occess  to  the  aircraft. 

The  need  for  fire  fighting  and  rescue  equipment  plus  the  copobiiity  of  using 
It  effectively  is  on  Army-wide  requirement  During  each  of  the  post  three  years, 
the  number  of  fire  accidents  overseos  bos  poreJIeled  the  experience  within  the 
United  Stotes  (Table  6).  In  FY  1963,  the  overseas  units  operoted  46°o  of  the 
helicopter  fleet  and  flew  42°c  of  the  totol  hours- 

It  IS  not  difficult  to  determine  why  61'o  of  the  :n|ured  ore  occuponts  of 
Occidents  fhof  occur  off  the  militory  bose  ond  off  cn  oirfield.  It  is  not  entirely 
0  matter  of  the  degree  of  sofety  eoch  locorion  provides,  even  though  it  is  oc- 
cepted  that  the  off-bose  ond  particularly  the  off-oirfield  environment  offers  rnony 
mote  projections  ond  depressions  to  increase  the  hozords  of  o  crosh  lending. 

TABLE  6 

Location  of  Helicopter  Fire  Arcidenrs 
July  1957  -  June  1963 


1 

FY 

Within 

Outside 

On  Post 

1  Off  Post 

Period 

U5A 

USA 

On  Airfield 

Off  Airfield 

On  Airfield 

Off  Airfield 

IW3 

13 

12 

2 

6 

1 

16 

1962 

10 

12 

0 

4 

1 

9 

1961 

2 

3 

0 

2 

0 

3 

I960 

10 

4 

3 

8 

0 

5 

1959 

11 

2 

1 

5 

0 

7 

1958 

10 

5 

3 

;  5 

0 

7 

Total 

56 

„_38 

^  .. 

'  28 

2 

47 

Annuol 

Mean 

9  3 

_ .  28 

i 

3  i 

7  8 

Percent 

60 

1  ^0  i 

1  :!i 

i  30  j 

2  “1 

_ 1 

50 
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TABt€  7 


Hciacopter  Fire  Accidents 
OcctfpoAf  ln|ury  Experience  by  Locolior 

July  1957  -  June  1963 


Th«  injured  percentage  found  is  a  function  of  accident  frequency.  It  hos  already 
been  shown  that  80^  of  the  fire  accidents  occur  off  base  aruf  off  on  airfield. 
However,  there  appears  to  be  o  distinct  difference  in  the  severity  of  the  Occi¬ 
dents  of  tite  two  locations  if  number  of  fotolities  is  accepted  as  an  ino'icaticn. 
It  con  be  determined  from  doto  of  Toble  7  thot  97’’i  of  the  fotolities  which  in¬ 
cludes  all  of  the  fatalities  (27)  due  to  burns  occurred  in  off-bose,  off-airfield 
Occidents. 

The  occupants'  injury  experience  shown  m  Toble  7  more  thon  justifies  the 
need  for  prompt  rescue  and  medical  evccuotion.  More  thon  65®o  of  the  occuponts 
suffer  injuries  ranging  from  minor  to  fatol.  In  fire  Occidents,  the  time  period 
during  which  no  injuries,  moior  injuries,  ond  deaths  due  to  fire  occur  is  only  o 
motter  of  0  few  seconds.  The  degree  of  burns  thot  two-thirds  of  the  injured 
received  is  shown  in  Toble  11.  This  experience  points  out  thot  ollowable  time 
between  crosh  rescue  ond  evocuotion  is  crificol. 

The  importonce  of  evocuotion  is  indicated  in  o  flight  surgeon's  stotement 
concerning  on  ocedent  thot  occurred  in  the  remote  jungle  oreo  of  Colombio, 
South  Americo:  .  .Rescue  wos  accomplished  by  on  accompanying  helicopter, 

and  the  injured  man  was  in  o  hospital  within  20  minutes.  Hod  the  rescue  heli¬ 
copter  not  been  present,  the  only  occess  to  the  accidcni  site  would  hove  required 
o  two  doy  trip  by  mule.  A  mon  with  25'c  body  burns  undoubtedly  would  not  hove 
survived  o  two  doy  ’.ip.  .  .”'9 

G.  Comjjorison  of  Occuponf  Injury  Experience 

The  doto  of  this  study  hos  dwelled  pnmoniy  on  the  materiel  ond  operotionol 
aspects  of  the  fire  problem.  Emphosis  in  those  oreos  is  necessory  because  it  is 
cleor  that  the  solution  of  the  fire  problem  con  only  be  ochieved  by  eliminoting 
known  design  deficiencies.  However,  occepted  soluficns  must  be  tempered  by 
their  suitcbility  to  meet  current  ond  projected  operotionol  requirements. 

If  these  requirements  o^e  not  met,  no  decided  chonge  foword  improvement  in 
the  occupant  injury  experience  con  be  expected  Though  occupant  experience 
holds  no  key  to  the  post-crosh  fire  problem,  it  does  illustrate  in  terms  of  person¬ 
nel  loss  the  effect  on  mission  copobili*/  The  following  focts  cleorly  show  the 
loss  Fire  accidents  ‘hot  occuunt  for  only  8%  of  the  mojor  Occidents  ore  respon¬ 
sible  for  42%  of  the  injured  occuponts  ond  62®o  of  the  fotolities  in  oil  mojor 
helicopter  Occidents  Of  the  467  injured  occvponls,  22‘’o  suffered  burns  Of  the 
107  thermolly  injured  occuponts,  25%  received  fatal  burns  Fire  Occidents 
occoun*  for  18®o  of  the  550  fotolities  experienced  in  helicopter  accidents  shown 
in  this  study  Trogicc'lly,  from  the  occupont's  point  of  view,  10  of  the  fotolities 
were  due  tc  iher.iiol  ir.iunes  received  in  Occidents  dossed  os  survivoble 
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TABLE  S 


Mojof  Helicopter  Accidents 
Occupant  Injury  Experience  Excluding  Fire 
July  1»$7  -  June  J963 


No.  of  Occupants 

Totol 

FY  19S7-1960 

FY  1961-1963 

Change 

No. 

Percent 

No.  of  Accidents 

IdS3 

S38 

515 

-23 

4 

Involved 

2792 

1429 

1363 

-66 

5 

Injured 

290 

107 

183 

76 

71 

Fatally  Injured 

52 

23 

29 

6 

26 

Percent  Injured 

10 

7 

13 

Percent  Survived 

98  1 

98 

98 

To  place  0  dollar  value  on  personnel  loss  due  to  injury  and  fatality  is  on 
almost  impossible  task.  Quotable  Army  figures  for  the  study's  purpose  could  not 
be  readily  located  and  the  cost  figures  of  other  services  were  used.  For  exam¬ 
ple,  one  service  states  that  each  of  their  aviators,  equivalent  to  the  Army’s  rank 
of  major,  represents  a  replacement  investment  cost  of  one  to  one  and  o  quarter 
million  dollars.  Using  these  same  cost  figures,  the  death  of  the  12  Army  ovio- 
tors  due  solely  to  thermal  injuries  would  be  placed  between  12  and  18  million 
dollars.  This  amount,  greater  than  that  shown  for  moteriel  loss  in  Table  5, 
includes  only  those  aviators  who  ot  the  time  of  the  Occident  were  rt  the  controls. 
It  does  not  include  aviators  flying  as  passengers.  For  example,  in  o  CH-21 
acc  ident^^  iwo  of  the  thermal  fotolities  were  oviotors. 

The  degree  of  injury  reflected  by  the  occupants  in  the  tables  thot  follow  ore 
of  four  classifications; 

Minor;  Injury  from  which  recovery  is  expected  ond  which  is  considered 
(for  reporting  and  coding)  on  injury  less  than  mojor. 

Major;  Injury  less  than  critical,  recovery  expected,  requiring  more  than 
five  (5)  days  hospitalization  and-  or  quarters. 

Critical;  Injuries  which  threaten  to  result  in  death,  either  from  injuries 
sustained  in  the  accident,  or  from  complications. 

Fatal;  Any  injury  which  results  in  death  prior  to  submission  of  Flight 
Surgeons  Technical  Report  of  Aircraft  Accident. 

The  experience  of  the  177  injured  fire-occident  occuponts  revecls  a  distri¬ 
bution  injured  severity  of  21%  minor,  23%  mojor,  4%  critical,  and  52%  fatal. 

Omitting  the  fire  accident  fatalities,  the  percentoge  of  occupant:  suiviving 
a  major  non-fire  helicopter  crosh  is  remorkobly  high  ond  well  obove  normal 
expectation.  Only  2%  of  2,792  occuponts  in  1,053  mo|or  accidents  ore  fotolly 
injured  (Table  8). 

Th<!  98%  survivol  indicates  o  degree  of  sofety  which  occupants  of  Army 
helicopte.'S  con  expect  when  post-crash  fires  become  os  infrequent  os  inflight 
fires.  This  expectotion  must,  of  course,  discount  the  29  non-survivoble  post¬ 
crash  fire  accidents  in  which  the  injuries  produced  by  fire  are  of  secondary 
importonce. 

To  achieve  this  degree  of  occupont  sofety  would  cstoblish  Army  helicopter 
experience  well  above  the  level  of  three  other  forms  of  aviation.  The  Aviotion 
Sofety  Engineering  and  Reseorch  Division  of  the  Flight  Sofety  Foundotion  in  o 
recently  completed  sfudy^^  reported  fatality  percontoges  of  (o)  oerial  application 
(crop  dusting)  14  6%,  (b)  general  oviofion  not  involving  oeriol  application  10.3%, 
and  (c)  scheduled  domestic  air  corner  operotions  8  8%. 


TABLE  9 


H*licopi*r  Fir*  Accident* 
Occupant  Injury  Exp*ri*nc* 
July  1957  -  June  1963 


He.  of  Oeeupontt 

r 

Total 

FY  1957-1960 

Involved 

264 

122 

Injured 

177 

74 

Fatally  Injured 

98 

41 

Injured-Thermal 

107 

51 

Fetal-Thermal 

27 

12 

Percent  Injured 

67 

61 

FY  1961-1963 

C 

He.  1 

142 

28 

103 

29 

57 

16 

56 

5 

15 

3 

73 

Percent  Survived  63  1  66.4  60 


Percent  with  Bums  I  41  I  42  I  39 


Addirtg  the  experience  of  the  255  fire-occident  occupants  of  Table  9  in¬ 
creases  the  Army’s  helicopter  experience  by  3%  to  an  overall  figure  of  5%. 
Though  the  increase  is  significont,  the  survival  percentage  remains  ot  a  re¬ 
spectable  level  when  compared  to  othc  forms  of  aviation. 

To  place  whotever  conclusions  that  moy  be  drawn  from  the  comparison  in 
proper  perspective,  the  variability  of  the  foctors  thot  determines  the  degree  of 
exposure  of  each  form  to  accidents  must  be  considered.  This  is  necessary 
because  of  the  distinct  differences  thot  exist  among  the  vorious  forms  of  ovio- 
ticn.  The  differences  ore  doe  to  type  of  operotion,  number  of  loadings,  mission 
length,  crew  selection  ond  troining,  ond  others  which  need  not  be  discussed 
here.  They  ore  well  known  to  those  fomilior  with  oviotion  sofety. 

From  an  injury  production  stondpoint,  if  is  significont  to  note  that  in  90%  of 
the  non-fire  accidents,  occupants  escape  even  minor  injury  (Toble  8).  The 
addition  of  fire  experience  decreases  the  injury-free  survivol  picture  by  5%  to 
85%.  The  foct  that  15%  of  the  occupants  ore  injured  is  sufficient  justification 
to  consider  improving  the  crash-fire-worthiness  of  the  helicopters  selected  to 
remain  in  operation. 

The  need  is  not  necessarily  protection  from  thermal  injury  alone,  but  other 
types  of  injuries  os  well.  This  point  is  mode  by  the  58%  increose  in  the  number 
of  occupants  injured  during  FY  1961-1963  when  the  number  of  accidents  and 
occuponts  involved  decreosed  5%  (Tobies  8  and  9).  Fire  Occidents  alone  during 
this  period  were  responsible  for  increasing  the  number  of  occupants  injured  by 
29.  Of  these,  fire  caused  o  thermal  injury  increase  of  only  five.  Additional 
study,  explorotory  in  nature,  foiled  to  reveol  on  acceptable  explanation,  other 
than  the  added  UH-1  experience  shown  in  Toble  10,  os  to  why  the  other  types  of 
injuries  are  increasing.  The  rote  of  this  upword  trend  warrants  additional  study, 
particularly  if  the  responsible  models  continue  to  pace  the  acceleration  of  nop- 
of-the-earth  operation. 


H.  Occupant  Experience  by  Model  of  Helicopter 


The  degree  of  occupont  sofety  sach  model  provides  in  survivoble  ond  non- 
survivoble  fire  Occidents  is  evident  in  Toble  10.  However,  caution  must  be 
exercised  when  comparing  models.  Erroneous  conclusions  may  be  drawn  unless 
one  keeps  clearly  in  mind  thot  in|ury  production  is  largely  a  function  of  impoct 
severity.  And  in  fire  Occidents,  thermal  in|ury  depends  upon  the  occupont’s 
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TABLE  10 


Occupant  Injury  Exparlanc*  in  Fi'«  Accidant* 
By  Modal  of  Haliceplar 
July  1957  •  Juna  1963 


Numiiar  of  Occupont* 


No.  of  1 
Aedts  1 

Involved  j 

Injured  i 

Fotolities 

Percent 

Injured 

Percent 

Survived 

Injured 

Therfcel 

Tkeneei 

Fetelilles 

Model 

B 

N/S 

s 

1 

N/S 

S 

N/S 

N/S 

0 

N/S 

0 

N/S 

5 

N/S 

B 

OH-23 

M 

5 

9 

8 

8 

8 

B 

m 

100 

m 

■■ 

2 

n 

B 

QB 

OH-13C,H 

a 

7 

El 

11 

Q 

11 

K1 

IDE 

m 

100 

m 

1  1 

Bl 

10 

WM 

m 

EH 

■n 

ni 

in 

B 

1  14 

El 

(ESI 

m 

B 

12 

WM 

1  9 

Oi 

El 

38 

m 

35 

1 

33 

S 

92 

m 

13 

rn 

22 

D 

n 

B 

[2 

SI 

wm 

5 

wm 

1 

6 

m 

100 

HQH| 

B 

■M 

n 

O 

wm 

MSM 

12 

7 

5 

7 

m 

0 

B 

WM 

0 

OH-13D,E 

B 

0 

D 

s 

i 

wm 

1 

0 

m 

wm 

m 

WM 

CH-37 

1 

9 

1 

5 

D 

5 

m 

(Oil 

0 

~T'\ 

IQI 

WM 

% Survivoble 

70 

66 

51 

16  '  1 

1 

-JL-J 

37 

locotion  relative  to  the  main  bulk  of  the  fire.  The  experience  of  the  observation 
models  is  a  good  example.  Data  of  Table  10  effectively  shows  the  0H>13's  to 
hove  o  much  higher  degree  of  occupant  safety.  However,  this  study  has  shown 
that  higher  impact  forces  ore  required  to  cause  fuel  to  spill  ond  ignite  in  the 
OH"23  than  in  the  OH-13's.  The  location  of  the  OH-13  fuel  cells  relotive  to  the 
cockpit  usually  places  the  occuponts  very  neor  the  moin  fire.  This  stotement 
frorn  a  flight  surgeon's  report  is  descriptive  of  what  often  hoppens:  "When  the 
oircroft  fell  over,  the  bubble  broke  and  the  right  tonk  ruptured  releosing  fuel 
which  ignited  on  the  hot  manifold.  It  then  spilled  into  the  cockpit  seating  area. 
The  spray  of  burning  fuel  on  the  pilot's  face,  bonds,  ond  clothes  continued  to 
burn  as  he  exited  through  the  shottered  plexiglos.  .  .”'o 

The  survival  of  seven  occuponts  in  non-survivoble  accidents  of  the  OH-13G, 
H,  ond  CH-21  is  an  example  of  the  inepfness  of  the  definition  of  accident  sur¬ 
vivability  to  meet  the  variety  of  conditions  Occidents  present.  The  CH-21  was 
involved  in  two  accidents  of  this  type,  in  each  case  the  sequence  of  impact  was 
quite  similar.  The  crew  comportment  impacted  first  and  sustoined  sufficient 
damage  to  cause  the  occ'dent  to  be  classified  as  non-survivoble.  The  collapsing 
structure  of  the  crev.-  compartment  reduced  yhe  forces  transmitted  to  the  ca^o 
comportment,  thus  permitting  this  oreo  to  be  survivoble.  In  one  accident, ^^o 
passenger  thrown  clear  of  the  wreckoge  into  the  snow  escaped  with  only  minor 
injuries.  He  was  able  to  rescue  o  more  seriously  injured  passenger  from  the 
fire  that  caused  the  deofh  of  four  others. 

The  respective  records  of  the  UH-19,  CH-21,  ond  CH-34  show  thot  these 
three  models  reflect  the  highest  degree  of  occuponf  safety  of  all  models  in  tho 
survivoble  fire-accident  experience  shown  in  Toble  10.  The  UH-19  record  shows 
that  in  these  accidents  where  fire,  in  addition  to  impact,  increases  the  exposure 
to  injury,  76%  of  its  occupants  ore  free  of  injury.  The  combined  experience  of 
the  three  models  shows  that  59%  of  the  occuponts  ore  not  injured.  With  the 
exception  of  the  CH-37  which  wos  i.ivolvcd  in  only  one  survivoble  fire  accident, 
these  models  reflect  o  high  degree  of  occupont  survive!. 
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Also  among  thoso  mo<iels,  tho  rocord  of  the  CH-21  in  survivoble  accidents 
stands  out,  particularly  in  regard  to  thermal  injury.  Only  one  of  its  occupants 
suffered  thermol  injury  even  though  its  fire-accident  experience  wos  equal  or 
greater,  and  invalved  more  occuoonts  than  other  models.  Undoubtedly  much  of 
its  record  is  due  to  the  availability  of  escape  exits.  Its  corgo  compcrtment, 
unlike  the  UH-19  and  CH-34,  has  convenient  openings  on  both  sides  including 
the  large  cargo  door  on  the  right.  Frequently,  the  location  of  the  exits  relative 
to  the  locotion  of  the  fire  does  not  require  the  occupants  to  poss  through  a  well 
of  fire  to  escape. 

The  injury  experience  of  the  observotion  models  contrasts  the  findings 
mentioned  for  the  three  larger  models.  The  degree  of  occupant  safety  in  the 
observatioii  models  is  much  lower.  In  survivoble  fire  accidents  only  33%  of 
observation-model  occupants  escape  injury.  The  87%  occupant-survival  rate 
indicates  that  the  degree  of  injury  incurred  is  much  more  severe  in  the  smaller 
models.  The  fatality  experience  of  the  two  types  is  evidence  of  this  foct. 

A  portion  of  this  difference  may  be  explained  upo*'  noting  rhat  the  smoiier 
models  experienced  11  more  survivoble  fire  accidents  than  did  the  larger  mouels 
(Table  S)-  Though  the  additional  accidents  increose  the  exposure  arid  chance 
of  injury,  a  more  logical  explanation  is  the  difference  in  structural  configuration, 
increosed  occupant  protection,  particularly  the  structure  surrounding  the  cockpit 
area,  and  the  location  of  the  fuel  cells  relative  to  the  position  of  the  occupants. 
The  observation  models  have  a  plexiglos  "bubble”  enclosing  much  of  the  cock¬ 
pit.  This  enclosure  breoks  away  in  most  accidents  to  provide  on  excellent 
escape  exit;  however,  when  it  breoks  owoy,  it  offers  no  resistonce  to  the  poth  of 
fire  in  these  post-crash  fires.  In  oddition,  the  shattered  plexiglos  is  a  source  of 
injury.  Plexiglos  fragments  often  act  os  flying  missiles  and  the  jagged  remain¬ 
ing  pieces  cause  laceration  during  exit.  Fortunately,  most  of  these  injuries  ore 
not  of  a  major  consequence. 

The  relative  location  of  fuel  cells  to  the  occuponts  in  the  lorger  models  is 
o  significant  factor  in  the  reduction  of  thermol  injury.  The  thermol-injury  ex¬ 
perience  of  the  0H-13G  and  H  is  on  example.  This  model  is  responsible  for  44X 
of  the  thermally  injured  occupants  in  survivoble  Occidents.  The  chance  of 
thermal  injury  in  this  model  is  highest  of  all  models.  From  Toble  10,  it  imay  be 
determined  that  46%  of  the  occuponts  involved  received  thermol  injuries.  For¬ 
tunately,  the  number  of  fatalities  is  much  less. 

However,  all  factors  thot  contribute  to  occupont  sofety  ore  not  necessarily 
inherent  in  the  design  nor  in  the  operation  of  the  larger  models.  Data  of  Toble 
10,  to  consider  both  the  survivoble  ond  non-survivable  accident  experience, 
supports  this  observation.  The  accidents  involving  the  larger  models  are  much 
more  severe;  the  impact  forces  ore  greoter.  Proportionolly,  these  models  ex¬ 
perience  three  times  as  mony  non-survivoble  accidents  os  do  the  smaller  obser¬ 
vation  models.  Their  accidents  account  for  75%  of  the  fatalities.  However,  the 
occupancy  factor  in  the  larger  models  is  almost  three  times  os  greet  as  in  the 
smaller  obse.-vation  modeU  vrhich  accounts  for  the  difference  in  number  of 
fatalities. 

I.  Thermal  Injury 

Of  the  various  injuries  thot  con  be  experienced  by  occupants  of  helicopter 
fire  accidents,  skin  in|uries  ore  repo  ted  most  frequently.  Whether  other  types, 
like  those  to  the  respiratory  system  and  those  due  to  toxic  gases,  do  not  occur 
as  frequently  or  are  not  reported  could  not  be  established.  It  may  be,  ond 
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OecuMKt  Thermal  |n{ury  by  Bodf  Area  and  tlayraa 
July  ]957  -  Jim* 


Body  Area 
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Daarea  »f  tniury 
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13 
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29 

23 

77 

86 

0 

100 

No.  of  Oceu^nts  =  39  No.  of  Occupants  M 

porticulorly  among  survivors,  that  the  significance  of  reporting  other  types  of 
injuries  is  overlooked  in  the  presence  of  extensive  skin  injuries.  Among  the 
deceased,  an  autopsy  iv  not  performed  in  all  cases  and  often  the  firtdings, 
though  required,  ore  not  included  in  the  investigation  report. 

In  reported  cos  r  of  resyirotory  system  injuries,  the  occupant's  escape  was 
hindered  in  some  cionner.  Sn  one  cose  o  crewchief  ponicSced  ot  the  sight  of 
flames.  He  forgot  ohout  the  quick  releose  of  his  shoulder  horness  oni  lop  belt. 
He  struggled  until  he  man.; ^ed  finally  to  slip  beneath  the  belt.  In  another,  o 
pilot  fought  the  release  of  his  lop  belt  (he  hod  learned  at  the  preflight  inspection 
that  ir  wos  improperly  installed  in  the  aircraft  and  would  require  the  reverse  of 
the  normal  procedure  to  ic'.iase  it).  Others  were  not  so  fortunate.  In  two  coses, 
occupants  suffered  blows  to  their  heads  and,  in  an  unconscious  state,  inholed 
superheated  oir  of  the  flush  fire  that  swept  through  the  cockpit.  One  of  them 
wore  a  helmet,  but  o  blow  on  the  forehead  was  thought  to  hove  caused  loss  of 
consciousness.  The  other  did  not  use  his  helmet;  he  placed  it  in  the  seat  next 
to  him  because  the  flight  was  to  be  "just  o  short  hop.” 

Data  of  Table  11  shows  the  pattern  of  skin  injury  by  body  area  and  the 
degree  of  thermal  injury  to  that  creo.  The  injury  pofrern  and  degree  ore  given  in 
percentages.  For  example,  the  experience  of  39  thermolly  injured  occupants  of 
survivable  accidents  shows  that  6%  of  their  injuries  were  co.ifined  to  the  area  of 
the  head,  and  60%  of  the  burns  were  third  degree  or  more  severe. 

Thermal  injury  to  the  head  could  hove  been  prevented  in  mony  cases  ond 
reduced  in  severity  in  others  had  the  helmet  been  available,  remained  on  the 
occupant's  head  during  the  crash,  and  hod  the  occupant  not  removed  it  prior  to 
exit. 

Prior  to  the  foil  of  1959,  before  the  APH-5  wos  ovailable,  end  for  o  period 
after  initial  distribution,  helmet  availability  was  a  problem.  It  is  not  c  serious 
problem  todoy  for  pilots.  There  were  only  six  reported  cases  involving  fi.'e 
accidents  in  which  helmets  were  not  available  fr  •  pilots  during  FY  1963.  How¬ 
ever,  helmet  availability  remains  o  problem  for  crewchief.s,  other  crew  members, 
and  passengers. 

Helmet  dislodgement  is  a  problem  and  will  probably  remain  so  until  wearer 


cmdmt  is  s^Hicitat  to  ^omo$t  tho  aooJ  to  koop  iiis  cfcin  strap  fatfaaaJ  mod  tfcs 
aspa  strep  ca  adfjgstaam.  Of  ti»  10Q  occvpoas*  oho  ware  halaats  in  tiiis  stnrfy, 
24  lest  fiwir  hohoof  seaetia*  ^iag  tna  occldoia  saqoanca.  Tliis  grogp  accaants 
tor  awdi  of  the  heed  mfarias  sltesa  in  Table  If. 

Rataaviag  tbe  bebnet  prior  to  exit  if  o  eilet  reaction  tisstt  is  not  on^stoo^ 
•by  it  acctes  is  not  knewn.  One  pilot  qoestionad  on  tbe  point  soi^;  "I  reloosod 
«y  seat  belt  and  for  sorae  $00*00  tbinking  ibot  riae  belaet  wooM  keep  aw  in  tbe 
bal;copHi.  I  reworod  it  eiso."^^ 

Anofbar  wbo  hod  tbe  presence  of  srind  to  hold  bis  brooth  while  exHing 
toorovoi  kis  halwet.  The  only  bum  iniuries  he  swrfored  were  to  bis  head  and 
nock. 

The  issuance  of  cheeically  traotod  fire  resistant  flight  suits  would  heva 
reduced  the  iniuries  of  wony  survivors.  Only  21,  less  than  10S  of  tbe  aviators 
invelvad,  wore  flight  suits.  Tbe  nuwbor  of  suits  properly  treated  to  resist  fire 
is  net  kn«m. 

The  circuaste.nces  involving  gloves  end  tbe  prevention  of  bond  iniuries  is 
soewwhet  siwilor.  Tbe  problew  is  net,  however,  tbe  availability  of  gloves! 
Instead  it  is  that  the  issued  gloves  ore  unsatisfactory  for  the  requirawents  of 
west  pilots.  Consequently,  in  these  accidents  only  22  aviators  wore  gloves  of 
soew  type.  One  pilot  suffered  second  degree  burns  to  both  hands.  He  had 
rawavod  his  gloves  only  ten  winutes  prior  to  the  crash  because  his  hands  wore 
too  wane. 

Gloves  would  have  helped  others  in  escaping.  The  experience  of  five 
passengers  trapped  in  a  CH-3d  is  explained  by  one  of  them  who  said:  .  . 

everytinw  I  rooched  for  soewthing,  icy  bonds  would  bum.’*^^  They  were  trying 
to  reach  the  exit  which  was  located  five  feet  overheod  because  of  the  aircraft's 
fine  I  position. 

The  relationship  of  impoct  severity  and  the  production  of  thermo  i  injury  is 
evident  in  the  doto  shown  by  Table  11  when  comparing  the  two  Occident  cate¬ 
gories.  As  expected,  the  thermol  injury  occupants  ef  survivoble  accidents 
sustain  is  lets  severe.  A  review  of  the  sixvivoble  fire  accidents  provides  these 
reasons:  Rarely  ore  tbe  impact  forces  sufficient  to  incopocitote  the  occupants 
to  hinder  escape;  escape  provisions  of  the  OH-13,  OH-23,  and  CH-21,  responsi¬ 
ble  for  70%  of  the  survivoble  accidents,  have  proven  to  be  excellent  and  of 
great  importance  as  fire  in  90%  of  these  accidents  followed  impact  ond  allowed 
time  for  escape.  Only  in  a  few  accidents  did  fire  completely  engulf  the  aircraft 
before  it  came  to  rest  ond  prevented  those  capable  of  escaping  from  exiting  m 
sufficient  time. 
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